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 GENETICS (Gk. genesis – descent) is a    branch of biology that deals with the study of heredity and variation.

      HEREDITY ( L.hereditas – heirship or    inheritance) is the transmission of character    from parents to offspring.

      VARIATION (Fr.vario – to change) - an ability of an orgamism to change, to get new features    during its development.

     Bateson in 1906 was the first person to use   the term Genetics - derived from Greek Word  “Gene” meaning “to become”.

     History of  genetics begins with 1900,  when three scientists - G.de Vries /Netherlands/ C. Correns / Germany / and E. Cermak /Austria/  independently rediscovered  patterns of inheritance of characters in progeny of hybrids already formulated in 1865 Mendel and outlined in the article "Experiments on plant   
hybrids”.  In 1909 the term “Gene” was introduced by

   Johannsen for hereditary material and in 1911   the terms Phenotypes and Genotypes were  introduced.

However, genetics has a long history. 
          For thousands of years before our era the people taken out domestic breeds of animals and  cultivated varieties of seeds. 
        The Bible says: "... his cattle without taking in you breed, not sow your field 
     two kinds of seed ", which indicates  the knowledge of the ancient Jews, the

     The first theory of heredity were  formed in ancient Greece. The famous physician Hippocrates /5. BC /  believed that in the egg or the mother's body should be small, but fully formed organism. Such beliefs later    
became known as preformation  / lat. praeformo-pre-image of /. 
         Less than 100 years after ARISTOTLE expressed opposing views: the organism  develops from an unstructured, homogeneous mass, gaining peculiar structure  in the process of embryonic development. -- - The theory of epigenesis.  Both trends - preformation and EPIGENESIS - reached  most common in   XVII and XVIII centuries. 

    Look after radical new approach,  created by Mendel, a new era starts in understanding of the mechanisms that control   process of reproduction in humans   and other living creatures. 
Gregor Mendel - created the theory of the  natural laws of heredity  phenomena  - Mendelism, that   became the  basement of  genetics and which is    the greatest discovery    
in  biology past 500. 

 G.MENDEL / 1822 – 1884/  since 1856 began  conduct in the monastery garden / width  7 m and a length of 35 m / well-designed extensive     experiments in plant hybridization.  8 years were experiments with peas.        
    G. Mendel‘s works were based on investigations of hybridization.
   Moreover, G. Mendel was a well-educated person   himself. He graduated from the third year of nature department  of Vienna University, worked as a teacher  for many years, was skilled in mathematics and  statistics. He read the works of famous scientists  concerning hybridization. Before starting his investigation Mendel worked out the scheme of his experiments. Later it has became the basis of HYBRIDIZATION METHOD of heredity investigation, which is used up till now. It is considered  to be the classic method of genetic investigation. G. Mendel‘s works were based on investigations of hybridization. 

G. Mendel found garden pea to be the best material   for his hybridization experiments because of the  following reasons:

  1. A pea plant  has various contrasting characters among its different varieties ( tall or dwarf stem, green or yellow seeds, round or wrinkled seeds, red and white flowers with axial or terminal positions, inflated or constricted pod of    green or yellow color).Mendel studied inheritance of 7 alternative characters.

 2. Peculiarity of flower structure. It is self-pollinated plant, but self-fertilization may be artificially prevented  easily.   

   3. A pea plant has a short life cycle, a great number of   offspring and is convenient in handling. 

         Hybridization method  of heredity investigation. In experiments using only individuals who  in previous researches did not give changes in traits / homozygous individuals  pure lines of pea plants/. 

    1. Hybridize organisms, which differ from each other by one or more pairs of сontrasting or alternative features. 

     2. Accurate quantitative account of all organisms,  different in each pair of studied traits, in several subsequent generations. 

     3. Individual analysis of progeny from each  mating in successive generations. 

 Great merit of Mendel was also the fact that he introduced algebraic symbols to explain hybridization analysis, thus facilitate the comprehension of the material, its  analysis and breeding patterns. 

      P - Parents / lat. parentes /; 

      F1 - first generation individuals / lat.filii - Children /; 

      F2 - second generation of individuals; 

       x - crossing; 

      Genotypic formula of the maternal individual record first / ♀ - “the mirror of Venus”/, and paternal - second / ♂ - “the shield and spear of Mars /. 

     Hereditary factors / genes / are marked by the letters from Latin  / dominant allele- a capital letter, and the recessive –  a small letter/. 

Mendel reasoned thus: if the sign of a appeared in the F2, it has not disappeared in F1, but temporarily  retreated, not developed. Consequently, this sign in F1 hybrids exist in the form of the factor, that it determines. Thus he suggest hypothesis about the duality of factors / Aa / hybrids. If hybrids hereditary factors doubled, then parents are also in the   
double set / AA, aa /.  Based on the results of experiments Mendel  formulated two conclusions, which were subsequently named the first and second  
laws of Mendel.The character that appeared in hybrids of the first generation was named dominant by Mendel. 

Recessive trait - a sign suppressed in the F

PHENOTYPE – a complex of external and internal  features which appears under the control of genotypeinfluenced by the environmental conditions.    GENOTYPES – set of the genes in diploid set of   chromosomes.  1-st Mendel law - the law of dominance in the  
first generation of hybrids.  In the crossing of two homozygous individuals  that differ by one or more pairs of alternative characters, first generation hybrids are uniform both in phenotype /all have dominant character/ and  genotype /Aa/. 2-nd Mendel‘s law - Law of segregation. When crossing two heterozygous individuals in the second generation the segregation is in the ratio 1:2:1 in the genotype and in    phenotype 3:1. Brilliant conclusion Mendel: Pea plants pass on to descendants hereditary characteristics in the form of   discrete units. Each plant has a pair of such homologous units or genes / Yohannsen/. In addition to creating hybridization method and discovery of universal laws of genetics Mendel is the founder of the hypothesis of "purity of gametes, described the phenomenon of incomplete  dominance.  Mendel showed: 
     - Hereditary factors are distributed in the offspring by   chance, 
       - Discovered laws are purely statistical in nature, 

       - All cases of transmission characteristics obey the laws of probability: if the number of offspring is large enough, their ratio will more accurately expressed. 

      Allelic genes - are the genes that control different expression of one feature and are in the identical loci   of   homologous chromosomes.Homozygous person -  both allele of the gene  are same, dominant / AA / or recessive / aa /.   Heterozygous individuals - in allele genes are  different / Aa /.  The main states of the law of purity of   gametes: During the formation of germ cells by the process of meiosis in hybrid organisms allelic genes located in homologous chromosomes get into different   gametes, so gametes are clean. 

At fertilization and zygote formation pairing is restored. 

  The test crossing. Homozygous and heterozygous individuals apparently do not differ in dominant trait. For the analysis of genotype individuals with an unknown set of genes are mated with homozygous for recessive gene and, depending on the manifestation of traits in offspring, it is possible to       determine the genotype: 

     P ♀  AA x ♂ aa                P ♀ Aa x  ♂  aa 

     G:      A;          a                G:     A ,          a; 

     F1          Aa-100%                 F1   Aa 50%, aa-50%. 

  All individuals have              -½ of the individuals     dominant

 have dominant sign 

          
character
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  INCOMPLETE  DOMINANCE   / or INTERMEDIATE INHERITANCE/ -   dominant gene does not suppress recessive   gene completely .  Classic example - the inheritance of color  flowers at 4 o‘clock plant.

The ratio  by genotype and phenotype in the F2 is    1:2:1
   Dihybrid CROSS - cross between two individuals that  differ by two pairs of alternative /contrasting/ signs.

  For example:Mendel crossed the plants with 

    A - yellow seed color,           B -  smooth surface. 
    a - green seed color;             b - wrinkled "-". 
             P ♀ AABB x ♂ aabb 

                    yellow        green 
                  smooth        wrinkled seeds 
            G:       AB              ab 

             F1 ♀ AaBb x ♂  AaBb 

             yellow smooth.  yellow smooth.

  Phenotype  ratio of F2 plants are:  9 showing both dominant characters,  3 + 3 recombinants with one dominant and one  recessive characters,1 showing both recessive characters.There ratios are present only when the two characters  show complete dominance.

   The complete ratio by genotype is as follows:

     1 AABB : 2 AABb : 2 AaBB : 4 AaBb : 1 AAbb :

            2 Aabb : 1 aaBB : 2 aaBb : 1 aabb/.The ratio of each character taken separately is

       3 : 1 ( 12 yellow and 4 green; 12 round and  4 wrinkled), so segregation of each pair of characters occurs independently.  The third Mendel‘s law – LAW OF INDEPENDENT

ASSORTMENT:When parents differ in two or more pairs of contrastingcharacters the inheritance of each pair occurs independently, if genes are situated in different pairs of chromosomes. 

It is rarely happen in history of science case when one article "Experiments on plant hybrids"  marks the birth of a new scientific discipline -genetics. In the 100-year anniversary of the publication,  in 1965 on territory of the former monastery was organized by the museum - a memorial,  called "MENDELIANUM”.

Studied in peas characteristics are monogenic, i.e.    their appearance is determined by one gene. A number of traits in humans are  monogenic and inherited in accordance with universal laws of inheritance established by Mendel.  Mendelian characters - A manifestation of the trait is determined by the interaction of allelic genes, one of which dominates / suppresses / other. All types of inheritance of Mendelian traits:   
autosomal- dominant, autosomal - recessive, linked with the homologous segments of X-and Y-chromosomes are   characteristic for man.
    Dominant and recessive characters in    man.
 Body part     Character      Dominant        Recessive

1. Hair            Form              Curly               Straight
                         Color              Dark                Light
 2. Skin            Color              Dark                Light
                        Pigment          Normal            None
                                           /with melanin/    /without/
 3. Eyes           Color               Brown             Blue
 4. Ear lobe                       Free ear lobe      Attached
 5. Teeth                               Absent              Present
 6. Tongue                       Ability to role        Inability
 7. Fingers                             Short                Normal    

-Galactosemia:

- absence of sweat glands;

 - deaf-and-dumbness;

  - absence of incisors and canines.

Multiple alleles.  More than 2 allelic genes form a serie  multiple alleles. 

          They arise as a result of multiple mutations of  the same locus in the chromosome. 

      Between gene A and gene a appear  intermediate genes, which in relation to dominant gene behave as recessive, but in relation to recessive - as dominant alleles of the same gene. Examples: - the inheritance of blood groups of ABO   system / 3 allele/;   - Inheritance of hemoglobin /> 100 alleles/.But each individual diploid organism be the bearer of not more than 2 alleles. 

Inheritance of blood groups of ABO system  was discovered by the Austrian bacteriologist   K. Landsteiner in 1900 
Blood  Antigene of  Antibodies  Genes     Genotype 

 group    R.B.C.       of plasma

 I (0)           -              α, β          IO             IOIO 
 II (A)         A                β            IA           IAIA, IAIO 
 III (B)        B                α            IB           IBIB, IBIO 
 IV (AB)     A, B             -          IA, IB             IA IB 
 4 groups of blood are determined by three alleles   one gene I (IA, IB, IO), which are arranged in 9th pair of chromosomes. Alleles IA and IB dominant in relation to the IO allele, but  codominant in relation to each other.When there are three possible alleles 6 genotypes.  IA> IO <IB 

Blood groups are stable, easily definable, are available in the study of the frequency of the phenotype in the population;  Inheritance of blood groups is according to the laws of Mendel, is characterized by genetic determination, does not depend on the external environment and does not change   throughout life.  Importance in practical medicine: 
    1. In transfusion - the selection of donors for  blood   transfusions. 

     2. In forensic medicine - the exclusion of   paternity, to identify a person.

In 1940 K. Landsteiner and A. Wiener described another antigen / protein that is found in rhesus macaque monkeys, and then a man / named 

Rh-factor and opened a new group of   blood - rhesus Rh.  In 85% of people contained   
                                           in blood this factor -Rh-positive / Rh + /. n 15% of Rh-negative / Rh-/   Inheritance of Rh- factor depends on three pairs of genes - C, D, E, which tightly  linked with each other / disposition in the 1st pair of human chromosomes/, so often simulates monogenic inheritance, and in practice  we distinguish 2 groups: - Rh-positive - their blood contains the Rh antigen - have dominant gene D , - Rh-negative - have recessive  gene d. Consequently, the Rh factor is inherited as autosomal dominant Mendelian trait. The appearance of antibodies in the ABO system occurs naturally, and in the Rhesus -    because of the reaction of  immunization. 

Importance in practical medicine: 

    - In the transfusion – the second transfusion of Rh + blood to rh-person can lead to death. 

     - In obstetrics – Rh- incompatibility; Rh (-) women and Rh (+) fetus is the cause of  


immune conflict, leading toerythroblastosis fetalis (hemolytic disease of   newborns) in the second  pregnancy.

Currently known more than 19 systems of erythrocyte blood groups, which include more than  120 different antigens:  ABO, Rh, MN, P, Duffy, Lewis,  Lutheran, Kell, Kidd, Diego, Cromer, etc.
Gene interactions. Chromosomal theory of heredity”

Manifestation of characters is a result of complex interactions between different molecules, including structural proteins, enzymes, pigments and other substances. All these substances are genetically determined, so an interaction of genes is, by the fact, interaction of gene products. 

The gene interactions are as follows: 

1. Allelic (intra-allele) interactions are between the two alleles of a single gene: complete dominance, incomplete dominance, co-dominance. 

2. Non-allelic (inter-allele) interactions occur between the alleles of different genes at different loci of the same or different chromosomes. Complementary interaction, epistasis and polymery (polygenic inheritance) are the types of non-allele genes interaction.

 Allelic Interactions ` 

1. Complete dominance takes place when one of the alleles (dominant) completely manifests itself in both homo- and heterozygous state. Another allele (recessive one) is not manifested in heterozygotes. Biochemical explanation of this phenomenon may be as follows: the dominant gene is responsible for the active form of the enzyme, the recessive one is mutant and its active product is not formed. So, if a dominant gene is present in a genotype, the character is promoted. If a dominant allele is absent, the character is not manifested. `

2.  Incomplete dominance is the case of the intermediate phenotypic expression in the heterozygotes. Inheritance of four-o’clock plants color is an example of incomplete dominance (the crossing of red-flowered plants with white flowered ones results in pink-flowered plants in F1 ). Examples in humans are sickle-cell anemia, anophtalmos (congenital absence of the eyeballs) and cystinuria. Sickle cell anemia is an autosomal recessive disorder, characterized by atypical hemoglobin molecule and sickle (crescent) shape of red blood cells. Such erythrocytes break down easily (hemolysis) that leads to anemia, fatigue, enlargement of liver and spleen, delayed growth. Heterozygous carriers usually do not have symptoms of the diseases. In low oxygen levels, high altitudes, dehydration and some other conditions they can demonstrate attacks of the disease caused by hemolysis of RBCs. Disease is common in African countries, India, Mediterranean basin and African Americans as heterozygotes are protected against malaria. Anophtalmos is also autosomal-recessive trait. Recessive homozygotes don’t have eyeballs, heterozygous persons have small eyeballs. Cystinuria is one of the inborn errors of metabolism, characterized by abnormal metabolism of amino acid cystine. Recessive homozygotes have cystine stones in the kidneys, heterozygous carriers excrete increased amount of cystine with urine. `

3.  Codominance means that both the genes are equally dominant and expressed in the phenotype. The AB (IV) and MNS blood groups are the examples

Non-allelic gene interactions give the examples of a single character controlled by two or more pairs of genes. The expression of a particular character is the net result of a series of enzyme mediated biochemical reactions. The production of each enzyme depends upon a specific gene, so each metabolic pathway is controlled by several non-allele genes. In non-allelic gene interactions the typical 9:3:3:1 ratio observed in dihybrid cross gets modified. There are several types of non-allelic gene interactions: `

 1. Complementary interaction of dominant genes means that they complement each other and produce a new character while present together. Examples of complementary genes in humans are inheritance of normal hearing, hemoglobin and interferon production. Normal hearing is controlled by many non-allelic genes. Simplistically we can consider that it depends on presence of two dominant non-allelic genes. The dominant allele D influences the development of the cochlea and the dominant allele E controls the development of the acoustic nerve. If any of them is absent, the normal acoustic apparatus isn’t formed. Mammal cells produce the protective protein interferon in the presence of the normal alleles of two genes in the second and the fifth chromosomes. Human hemoglobin of adults consists of 2α and 2β chains. These chains are controlled by genes of chromosomes 16 and 11
2. Epistasis is the suppression of a gene by another one at a different locus. The gene that suppresses another one is called as an inhibiting or epistatic gene. The gene which expression gets suppressed is termed as a hypostatic gene. The Bombay phenomenon (after the city in which it was first discovered) is an example of recessive epistasis in humans. A family with unusual inheritance of AB0 blood groups has been described in Bombay (nowadays Mumbai, India). A mother with 0 blood group and a father with B blood group had children with AB and 0 groups. Principles of the AB0 blood group inheritance exclude birth of a child with AB group in mother with O blood group. As maternal grandparents had 0 and A blood groups, it was supposed that the mother has got I A gene from parents in inactive state and gave it to a child with AB blood group. Suppression of I A gene in mother is explained by presence of epistatic recessive gene h. In persons that are recessive homozygous for gene h (hh genotype), antigens A or B are not synthesized despite presence of genes I A or I B in genotype. Gene H determines antigen H, an essential precursor of antigens A and B. In persons with genotype hh antigen H is not synthesized and subsequently antigens A and B cannot be produced.

3. Polygenic inheritance (polymeria) or quantitative inheritance takes place when several non-allelic genes control one and the same character enhancing it by their cooperation. These genes are called polygenes or cumulative genes and the feature they determine is polygenic. These genes are marked by the same letter with different indices (A1 , A2 , A3 and so on). In case of cumulative polygenic inheritance the more dominant genes are in genotype the more pronounced is the feature (additive effect). Polygenic traits are also known as quantitative or metric traits because they are measured and expressed in units of length, weight and number. The presence of polygenes makes an organism less susceptible to mutations. Additive effect in polymeria forms continuous variations of the trait in population. The distribution of such traits often is close to a bell-shaped or normal distribution with extreme phenotypes rare and the proportion of intermediates high. Growth intensity, speed of ripening in plants, milk yield in cattle, egg production in poultry are the examples of polygenic signs. Human polygenic characters are skin color, height, body weight, intelligence, blood pressure, susceptibility to diseases.

Pleiotropy

Pleiotropy takes place when many features depend on one gene. It is explained by participation of gene product in a spectrum of different activities. There are two principle types of pleiotropy: primary and secondary ones. The primary pleiotropy means simultaneous manifestation of different characteristics caused by primary gene product. The Marfan disease in humans is an example of primary pleiotropy. It is autosomal-dominant disease caused by mutation of fibrillin gene. Fibrillin is one of the proteins of connective tissue. As connective tissue is abundant in many organs, patients have multiple affections. They are tall with long extremities and arachnodactyly (long slender fingers), have congenital heart defects, shortsightedness, and sometimes dislocation of eye lenses. Another example of primary pleiotropy in humans is control of red hair, freckling and sun-sensitivity by melanocyte-stimulating hormone receptor gene. In case of the secondary pleiotropy allele of the gene initiates a consequent chain of various effects. Thus, patients with sickle cell anemia exhibit the following sequence of anomalies: abnormal hemoglobin causes sickle-shaped RBC that causes hemolytic anemia and in turn, enlargement of the liver and spleen because of active hemolysis of the erythrocytes

Postulates of the chromosome theory of heredity are the following:

1. Genes are situated in the chromosomes in the linear order. Each gene occupies a certain place (locus).

 2. Genes of one chromosome form a group of linkage and are inherited together. The number of linkage groups is equal to the number of the haploid set of chromosomes. There are 23 linkage groups in human females and 24 in males, as X and Y chromosomes form different groups of linkage.

 3. Linkage of genes can be interrupted by crossing-over. It is the exchange of allele genes between homologous chromosomes. 

4. The percentage of crossing-over is directly proportional to the distance between genes
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